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CLAIMS 

1 . An agent for modulating growth or generation of hair comprising a 
prostaglandin EP4 ligand as an active ingredient. 

2. XThe agent for modulating growth or generation of hair according to claim 1 5 
wherein tnk said prostaglandin EP4 receptor ligand is a 5,6,7-trinor-4,8-inter-m- 
phenylene PG\ derivative of the following Formula (I) or a pharmacologically 
acceptable salt thereof: 

R 1 




R 2 R 2 



wherein R is hydrogen, C1-C4 linear alkyl, C3 or C4 branched alkyl, trifluoromethyl, 
-C(=0)-R 4 , or -C(=0)-0-R 4 , wherein R 4 is Ci-C 12 linear Mkyl, C3-C14 branched 
alkyl, C3-C12 cycloalkyl, C7-C12 aralkyl, phenyl or substituted phenyl (wherein the 
substituent is at least one fluorine, chlorine, bromine, iodine, trifluoromethyl, C1-C4 
alkyl, nitro, cyano, methoxy, phenyl, phenoxy, p-acetamidebenz^mide, -CH=N-NH- 
C(=0)-NH 2 , -NH-C(=0)-Ph, -NH-C(=0)-CH 3 or 
-NH-C(=0)-NH2), and the two R s may be the same or different; Rl is hydrogen, Cj- 
C4 alkyl, Ci-C|2 acyl, C7-C16 aroyl, C7-CJ6 aralkyl, tetrahydropyranyl, 



£310 



CO 

Si 



Ml 5 



20 



25 



trahydrofuranyl, 1-ethoxyethyl, allyl, tert-butyl or tert-butyldimethylsilyl, 

5 



.5 . 
IS 



(ii)\ -COOR 
wherei 

( 1 ) hycft^gen or pharmacologically acceptable cation, 

(2) Ci-Ci2\inear alkyl or C3-C14 branched alkyl, 

(3) -Z-R 6 

wherein Z is a valence bond, or linear or branched alkylene represented by the 

formula C t H2t wherein represents an integer of 1 to 6, R 6 is C3-C12 cycloalkyl, or 

\ 77 
C3-C12 cycloalkyl substitute^ with 1 to 4 R s wherein R is hydrogen or C1-C5 alkyl, 

(4) -(CH 2 CH 2 0)nCH 3 
wherein n represents an inte 

(5) -Z-Ar 

wherein Z is defined asftie same as theNabove, Ar^s^h^yl, a-naphthyl 5 p-naphthyl, 
2-pyridyl, 3-pyridyl, 4-pytidyl, a-furyl, p^uryl, a-thienyl, Phenyl or substituted 
phenyl (wherein the substit&fint i«=Uhe same h$ the substituent defined for the 
substituted phenyl prfentionec^above), 

(6) -C t H 2t C( 

wherein t is defined as the same as the above, R° i^hydrogen or C1-C5 alkyl, 

(7) -QH 2t N(R 9 ) 2 

wherein t is defined as the same as above, R v is hydro^pn or C1-C5 alkyl, and the two 
9 

R s may be the same or different, 

(8) -CH(R 10 )-C(=O)-R n 

wherein R !0 is hydrogen or benzoyl, R 1 1 is phenyl, p-brom^phenyl, p-chlorophenyl, 
p-biphenyl, p-nitrophenyl, p-benzamidephenyl or 2-naphthyl) 

(9) -C p H 2 p-W-R 12 

wherein p represents an integer of 1 to 5, W is -CH=CH-, -CH=^P(R 13 )- or 
-C = C- wherein R 13 is C1-C30 linear alkyl, C3-C30 branched alkjVl or C7-C30 aralkyl, 



~4 



;10 



;T15 



' 12 is hydrogen, C\-C 30 linear alkyl, C3-C30 branched alkyl or C7-C30 aralkyl, or 
(10\ -CH(CH 2 OR l4 ) 2 

whereihR 14 is Ci-C 30 alkyl or C]-C3o acyl, and the two R ,4 s may be the same or 
different, 
(iii) 

R .5 R .5 



16 



SR 

wherein R represei^s is hydrogen, C1-C4 linear alkyl, C3 or C4 branched alkyl, 
trifluoromethyl, -C(=0)SJ1 17 or -C(=0)-OR 17 wherein R 17 is C r C l2 linear alkyl, C 3 - 
C14 branched alkyl, CvCi^cycloalkyl^G^n aralkyl, phenyl or substituted phenyl 
(wherein the substituenrfs th^ same as the substituent defined for the substituted 



two R I <5^aj^betJle same or different; R 16 is 
alkyl, C3-\^i4 branched aTky^ phenyl or substituted phenyl 
s the substituent derifted for the substituted 



same 



phenyl mentioned dbove), and tl^e 
hydrogen, C1-C12 liro 
(wherein the substitueiii 
phenyl mentioned abover or 

-C(=0)-R 18 whpffein R'° represents CpC)s2 linear alkyl, C^C^Jiranched alkyl, C3- 
C12 cycloalkyl, C7-C12 aralkyl, phenyl or substituted phenyl (wherein the substituent 
is the same as the substituent defined for the substituted phenyl mentioned above), 
(iv) -CH2-R 1 
wherein R 19 is 
(1) 



1 19 



H 



// 



N 



20 



(2) 



# • 



N — N 

w 

H 

.20 



R 



20 



whereirtvR represents hydrogen, C]-C| 2 linear alkyl, C 3 -C| 4 branched alkyl, phenyl, 
substitutedjjhenyl (wherein the substituent is the same as the substituent defined for 
the substituted phenyl mentioned above), or -C(=0)-R 21 wherein R 21 is C1-C12 linear 
alkyl, C3-C14 branched alkyl, C3-Q2 cycloalkyl, C7-C12 aralkyl, phenyl, or 
substituted phenyl Cwherein the substituent is the same as the substituent defined for 
the substituted phenyl Mentioned above), 
(3) 



,0, 




OH 



O 




wherein ,X represents -O- or -S-, or 
(6) azide, 



(v) -C(R 22 ) 3 

22 

wherein R represents hydrogen, fluorine, chlorine^ bromine, iodine, cyano or C1-C4 
22 

alkyl, and all of the R s may be the same or different, 
(vi) 



o 



.OR 

.23 



23 



23 



wherein R represents hydrogen, C1-C4 alkyl, phenyl, substituted phenyl (wherein 
the substituent is the same as the substituent defined for the substituted phenyl 
mentioned above), -CH 2 -OR 24 (wherein R 24 is Ci-C 12 linear alkyl, C3-C14 branched 
alkyl, C3-O12 cycloalkyl, C7-C12 aralkyl, phenyl, or substituted phenyl (wherein the 
substituent islhe same as the substituent defined for the substituted phenyl 

\ 23 

mentioned above), or pharmacologically acceptable cation, and the two R s may be 
the same or different, 

(vii) -N(R 25 ) 2 \ 

25 \ 

wherein R is hydrogeA C1-C12 linear alkyl, C3-C14 branched alkyl, C3- 

C] 2 cycloalkyl, C4-C13 cyj jpalkyla lkyl, C7-C12 aralkyl, -C(=0)-R 26 ,-C(=0)-0-R 26 , 

-SO2-R 26 , phenyl^ef^bstitutfed phenyl (wherein the substituent is the same as the 

\ ^\ 26 

substituent defined for the substituted phenyl mentioned above), R is C1-C12 linear 
alkyl, C3-C1I branched alkyl, C3-C12 cycloalkyl, C7/C12 aralkyl, phenyl or substituted 
phenyl (where\n the substituent is the same as the sbtoituent defined for the 

V 25 

substituted phenyl mentioned above), uie two R s may bfrthe same or different 
(when one of the R 25 s is -SC>2-R 26 5 the o\her R 25 is not -S0 2 -R 

(viii) -(C(=0)C^H \^"^\^ ) 
wherein k i^an integer of 1 or 2, or \ 

(ix) -C(=JD)-N( R 27 ) 2 . \ 

27 \ 

wherein R is hydrogen, C1-C12 alkyl, C3-C12 ^cycloalkyl, phenyl, substituted phenyl 
(wherein the substituent is the same as the substituent defined for the substituted 
phenyl mentioned above), C4-C13 cycloalkylalkylAC7-Ci 2 aralkyl, cyano or -S0 2 -R 28 

28 \ 

wherein R is C1-C12 alkyl, C3-C12 cycloalkyl, phenyl, substituted phenyl (wherein 
the substituent is the same as the substituent definea for the substituted phenyl 

\ 27 

mentioned above), C4-C13 cycloalkylalkyl, or C7-Ci2\aralkyl, and the two R s may 
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it 



f -10 
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20 



be the same or different (when one of the R s is -SO2-R 28 , the other R is not 
rS0 2 -R 28 ); 

Y is hydrogen, C1-C4 alkyl, fluorine, chlorine, bromine, formyl, methoxy or nitro; 
B is 

(i) 



Rl 9 R 29 



vR 



30 



Q 

wherein V is 



0) 

(2) 
or 
(3) 



-CH2CH2-, 

-c=c-, 



-CH=C(R 31 )- 



wherein R is hydrogen, C\- 
Qis 




alkyl, flubrine, chlorine, bromine or iodine, 



32 \ 

wherein R is hydrogen, C1-C4 linear all^yl, C3 or C4 branched alkyl, trifluoromethyl, 

C r C I2 linear alkyl, C 3 -C 14 
branched alkyl, C3-C12 cycloalkyl, C7-C12 dralkyl, phenyl or substituted phenyl 
(wherein the substituent is the same as the substituent defined for the substituted 
phenyl mentioned above); R 33 is hydrogen, Q1-C4 alkyl, C1-C12 acyl, C7-C16 aroyl, 
C7-C16 aralkyl, tetrahydropyranyl, tetrahydroftiranyl, 1-ethoxy ethyl, allyl, tert-butyl 



-C(=0)-R 34 , or -C(=0)-0-R 34 wherein R 3 



\represents 



or tert-butyldimethylsilyl, and the two R 32 s may be the same or different; R 29 is 



drogen, fluorine, chlorine, bromine, iodine, cyano or C1-C4 alkyl, and the two R 29 s 
be the same or different; 



ma 
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-R 



35 



35 . 



wherein ZSis defined as the same as the above, R is C1-C12 linear alkyl, C3-C14 
branched alk^I, C3-C12 cycloalkyl, C4-C13 cycloalkylalkyl, C3-C12 cycloalkyl 

36 36 

substituted witl^ 1 to 4 R s (wherein R is hydrogen or C1-C5 alkyl), C4-C13 
cycloalkylalkyl substituted with 1 to 3 R 36 s (wherein R 36 is defined as the same as 
the above), phenyl^ubstituted phenyl (wherein the substituent is the same as the 
substituent defined f&rthe~substkuted phenyl mentioned above), oc-naphthyl, P- 
naphthyl, 2-pyrfdyl, 3-pVridyl, 4-pyridyt>^-furyl, p-furyl, a-thienyl or p-thienyl, 
(2) -Z- 

wherein Z ind R JJ are defnied as tfe^same as/the above, 
(3) 



-Z-QH=C(R 35 ) 2 



.35 



.35 



wherein Z arid R are defined the same as the ^fe^ve, and the two R JJ s may be 
the same or different, or 
(4) -Z-C = < 

wherein Z^nd R J \ are defined as the\same asthe^above, 
(ii) 



30 



,R 



R 29 R 29 

29 30 \ 29 

wherein Q, R and R are defined as the ^ ame as the above, and the two R s may 
be the same or different, or 
(iii) 



57 



i n 



"°4 

3 10 



15 



wherein V, Q and R are defined as the same as the above; 



33 33 

E represents hydrogen or -OR wherein R is defined as the same as the above; 



20 




5, G represents hydrogen, fluorine, chlorine, 
ear alkyl or C3-C6 branched alkyl, and all 



wherein j represents an integer of 1 tto 4, p represents ajd integer of 0 or 1 , G is 
defined as me same as the above, an<\ all Gs may be the same or different, 

(iii) -CH=CH-CH 2 -, 

(iv) -CH 2 -CH=CH-, 

(v) -CH 2 -OCH 2 -, 

(vi) -O-CH2-, 

(vii) -C = C-, or 

(viii) -CO (trans)] 

3. The agent for modulating modulating growth or generation of hair according 
to claim 2, wherein the said 5,6 5 7-trinor-4 5 8-inter-m-phenylene PGI2 derivative is 



represented by the following Formula (I): 



R 



B 



(I) 



/^[wherein R 1 , Y, E\nd A represent the following in the definition of claim 2, B is 
(i) 



R 29 R 29 



R 



37\ 



wherein V, Q, R and Z represent the folloMln^in the definition of claim 2, the two 

29 \ \ 37 \. 

R s may be t^ie same or different, R is C3-C12 cycloMkyl, C4-C13 cycloalkylalkyl, 

38 31k 

C3-C12 cycloalkyl substituted with 1 to 4 R s (wherein R hydrogen or C1-C5 



»38 



>38 



alkyl), C4-C13 cyfcl oal kylal kyjj mhftt i ti ltgrU vith 1 to 3 R s (wherein R JO is defined as 
the same as the abpvp^Cphenyl, substituted phenyl (wherein the sijbstituent is the 
same as the substituent defined for th& substituted phenyl in claim 2), a-naphthyl, p- 
naphthyl, 2-pyri(/yl, 3-pyridyl, 4-pyridy^ ct-furyl, P-furyl, a-thienyl or P-thienyl, 
(ii) 




R 29 R 29 

29 37 \ 29 

wherein Q, R , Z and R are defined as the $ame as the above, and the two R s 
may be the same or different, or 

(iio 



Q 

37 

H-ein V, Q s Z and R are defined as the same as the abo\j€^ 
4. \ The agent for modulating growth or generation of hair according to claim 3, 
whereimthe said 5,6,7-trinor-4 5 8-inter-m-phenylene PGI2 derivative is represented by 
the following Formula (II): 
R 39 



o- 



\\ 




lerein R 40 is hydrogen, C1-C4 linear alkyl or trifluoromethyl, the two R 40 may be 
fhe same or different, 



tfi) -COOR 4 ' 

wherein R 41 is hydrogen, a pharmacologically acceptable cation or C1-C12 linear 

alkyl, 

(iii) 
R 42 R 42 

-^^SR 43 

wherein R 42 is hydrogen, C1-C4 linear alkyl qr trifluoromethyl, the two R 42 s may be 
the same or different, R 43 is hydrogen, C1-C4 linear alkyl, phenyl, or -C(^0)-R 44 



# • 



44 

v wherein R represents C1-C4 linear alkyl, 
\v) -CH2-R 45 
wHerem R is 



(1) 



H 



(2) 



,0, 



:oh 



o 



or 

(3) 



N 



OH 



whereir\X represents the\fol lowinjfi intfte^efinition of claim 2, 
(v) -0(R 46 ) 3 

wherein RT repj£sajts_hyd\ogen, fluorine, cyano orv£i-C4 alkyl, and all R 46 s may be 
the same/Or different, 
(vi) 



Of 



,OR 47 
*OR 47 



47 

wherein R represents hydrogei\, C1-C4 alkyl, or a pharmacologically acceptable 
cation, and the two R 47 s may be t]ie same or different, or 
(vii) -N(R 48 ) 2 

48 A 49 49 49 

wherein R is hydrogen, -C(=0)-R or -SO2-R wherein R is C1-C4 linear alkyl 
or phenyl, and the two R 48 s may belthe same or different (when one of R 48 s is -SO2- 



61 



R 49 , the other R 48 is not -S0 2 -R 49 ), 
Y is hydrogen, fluorine, chlorine or bromine, 
is 

or 




wherein R is hydrogen, C1-C4 linear alkyl, C3 or C4 branched alkyl, or 
trifluoromethyl, R 33 represents the following in the definition of claim 2, the two 

50 29\ 

R s may be the same or different, R represents the following in the definition of 

29 \ 

claim 2, and the two R s may be the sanpe or different, Z represents the following in 
the definition of claim 2, and R represents the following in the definition of claim 3, 
(ii) 




>37 



R 29 ^29 



. • 29 37 29 

wf\erein Q, R , Z and R are defined as the same as the above, and the two R s 
mayNje the same or different, or 
(iii) 



R 



37 



-*10 



37 

wherein V, Q\Z and R are defined as the same as the above, 
E represents theNfollowing in the definition of claim 2, 
A is 
(i) 
/g/ <3\ 

m 

wherein m represents an integer of 0 to 3, Ckjs hydrogen, fluorine, chlorine, bromine, 
ine, trifluoromethyl or CAC4 linear alkyl, anasall Gs may be the same or different, 



J 



15 



wherein j represents an integer of 1 or 2, p represents the following in the definition 
of claim 2, G is defined as the same a^ the above, and all Gs may be the same or 
different, 

(iii) -CH=CH-CH 2 -, 

(iv) -CH 2 -CH=CH- 5 

(v) -CH2-O-CH2-, 

(vi) -0-CH 2 -, 

(vii) -C-C- 
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(viii) -C=C- (trangjp 

\5. The agent for modulating growth or generation of hair according to claim 4, 
wherein the said 5,6,7-trinor-4,8-inter-m-phenylene PGI2 derivative is represented by 
the following Formula (III): 




wherein R is hydrogen, a pharmacologically acceptable cation or methyl, or 
(ii) 



53 \ 53 

wherein R is hydrogen, fluorine or C1-C4 ^lkyl, the two R s may be the same or 
different, Z represents the following in the definition of claim 2, R 54 is C5-C7 
cycloalkyl, phenyl, or substituted phenyl (wherein the substituent is the same as the 



substituent defined for the substituted phenyl in claim 2), or 
(ii) 



whetein Z and R are defined as the same as the above, 
E is hydrogen or -OH, 
A is 

(g G\ 

m 

wherein m represents an integer of 0 to 2, G represents hydrogen or fluorine, and all 
Gs^may be the sameW cfif¥ej^nt$<^ 

^6. The agent for modulating grbwth or generation of hair according to claim 5, 
wherein the said 5,6,7-tnnor-4,8-inter-m-i>|ienylene PGI2 derivative is represented by 
the following Formula (IV\: 




/[wherein R represents the following ii\ the definition of claim 5, 
B is 
(i) 



.55 . 



wherein Z represents the following in the definition of claim 2, R is C5-C7 

ycloalkyl or phenyl, or 
(ii) 



^ R 55 

H OH 

wherein Z^and R 55 are defined as the same as the above, m represents an integer of 0 
to 2]. 

7. The ag^nt for modulating growth or generation of hair according to claim 6, 
wherein the said^6,6,7-trinor-4 5 8-inter-m-phenylene PGI2 derivative is represented by 
the following Formula (V) or (VI). 



XOOH 





OH 

(I) 

Th^agent for modulatin^growth or generation of hair according to any one of 
clairnVtTo 7, wKcITts-a43^gmoting agent for growth or generation of hair. 
Us£ of a prostaglandin EP4 teceptoTligaadJor production of an agent for 
growth or generation of hair. 

10. The use according to claim 9 5 wherein the said prostaglandin EP4 receptor 
ligand is a S^^-trinor^^-inter-m-phenjflene PGI2 derivative of said Formula (I) 
(wherein the definitions of the substituenta in Formula (I) are the same as the 
definitions of the respective substituents in ipormula (I) in claim 2) or a 
pharmacologically acceptable salt thereof. 

1 1. The use according to claim 10, wherein the said 5,6 5 7-trinor-4,8-inter-m- 
phenylene PGI2 derivative is represented by Formula (I) (wherein the definitions of 



the substituents in Formula (I) are the same as the definitions of the respective 
substituents in Formula (I) in claim 3) or a pharmacologically acceptable salt thereof. 

12. \ The use according to claim 1 1, wherein the said 5,6,7-trinor-4,8-inter-m- 
phenylene PGI2 derivative is represented by Formula (II) (wherein the definitions of 
the substituents in Formula (II) are the same as the definitions of the respective 
substituents in Tormula (II) in claim 4) or a pharmacologically acceptable salt thereof 

13. The use aa*prding to claim 12, wherein the said 5,6,7-trinor-4,8-inter-m- 
phenylene PGI2 deri vativ e is represented by Formula (III) (wherein the definitions of 
the substituents an Formula (Ill^&se the same as the definitions of the respective 
substituents in formula (Ili^in.claim^) or a pharmacologically acceptable salt 
thereof. 

14. The use a ccAfdingJ o clain\ 13, whereip the said 5 5 6,7-trinor-4,8-inter-m- 



phenylene P 
the substitue 



jl2 derivative is represe&ted^by Fojmula (IV) (wherein the definitions of 
^ts in Formula (IV) are thevsame as the definitions of the respective 
substituents in Formula (IV) in claim 6) o\a pharmacologically acceptable salt 
thereof. 

15. The use according to claim 14, whereinMhe said 5,6,7-trinor-4,8-inter-m- 
phenylene PGI2 derivative is represented by the said Formula (V) or (VI). 

16. The use according to any one of claims 9 to 15, wherein the said agent for 
modulating growth or generation of hair is an agent for promoting growth or 
generation of hair. 

17. A methoThfeo^modulating Vowth or generation of hair comprising 
administering a prostaglandin^^ receptor ligand in an amount effective for 
modulating growth or generation of hairdo human or an animal. 

18. The method according to claim 17, wherein the said prostaglandin EP4 
receptor ligand is a 5,6 ? 7-trinor-4 s 8-inter-m-phenylene PGI2 derivative of the said 
Formula (I) (wherein the definitions of the substituents in Formula (I) are the same as 



the definitions of the respective substituents in Formula (I) in claim 2) or a 
pharmacologically acceptable salt thereof 

^9. The method according to claim 18, wherein the said 5,6,7-tnnbr-4,8-inter-m- 
phe^ylene PGI2 derivative is represented by Formula (I) (wherein the definitions of 
the sub^tuents in Formula (I) are the same as the definitions of the respective 
substituentsNm Formula (I) in claim 3) or a pharmacologically acceptable salt thereof. 

20. The method according to claim 19, wherein the said 5,6,7-trinor-4,8-inter-m- 
phenylene PGI2 derivative is represented by Formula (II) (wherein the definitions of 
the substituents in Formula (II) are the same as the definitions of the respective 
substituents in Formula (IlVin claim 4) or a pharmacologically acceptable salt thereof. 

21 . The method according^ claim 20, wherein the said 5,6,7-trinor-4,8-inter~m- 
phenylene PGI2 derivative is represented by Formula (III) (wherein the definitions of 
the substituents in Formula (III) are the same as the definitions of the respective 
substituents in Formula (III) in claim 5) or a pharmacologically acceptable salt 
thereof \ 

22. The method according to claim 21, wherein the said 5,6,7-trinor-4,8-inter-m- 
phenylene PGI2 derivative is represented by Formula (IV) (wherein the definitions of 
the substituents in Formula (IV) are the same as the (definitions of the respective 
substituents in Formula (IV) in claim 6) or a pharmacologically acceptable salt 
thereof. \ 

23. The method according to claim 22, wherein the saicTs5,6,7-trinor-4,8-inter-m- 
phenylene PGI2 derivative is represented by the said Formula W) or (VI). 

24. The method according tetany one of claims 1 7 to 23, wherein the said agent 
or modulating growth or generation of hair is an agent for promoting growth or 

generation of hair. ^ 



